Reversed intestinal rotation is one of the least common intestinal developmental anomalies, and accounts for 4% of all malrotation cases (1). In 1923, Dott et al. (2) proposed that in reversed rotation, the normal 270 counterclockwise rotation is replaced by a 90 counterclockwise rotation followed by a 180 clockwise rotation, resulting in a net 90 clockwise rotation. Intestinal malrotation is usually diagnosed during infancy and childhood as a result of acute symptoms induced by complications including intestinal obstruction or volvulus. Adults with rotational anomalies are asymptomatic and are usually founded incidentally during an imaging evaluation or laparotomy for coincidental disease (3).
Reversed intestinal rotation is one of the least common intestinal developmental anomalies, and accounts for 4% of all malrotation cases (1) . In 1923, Dott et al. (2) proposed that in reversed rotation, the normal 270 counterclockwise rotation is replaced by a 90 counterclockwise rotation followed by a 180 clockwise rotation, resulting in a net 90 clockwise rotation. Intestinal malrotation is usually diagnosed during infancy and childhood as a result of acute symptoms induced by complications including intestinal obstruction or volvulus. Adults with rotational anomalies are asymptomatic and are usually founded incidentally during an imaging evaluation or laparotomy for coincidental disease (3) .
Only a few cases of reversed intestinal rotation have been reported in surgical and internal medicine literatures. To the best of our knowledge, there are no reports of MDCT findings concerning reversed intestinal rotation (4-6). We report a case of reversed rotation in a 38-year-old man, focusing on the first MDCT findings alongside a literature review.
Case Report
A 38-year-old man visited the outpatient department of our hospital with complaints of nausea, intermittent vomiting, recurrent dyspepsia, and abdominal discomfort. Upon physical examination, his abdomen was not distended, and he had normal bowel sounds. After undergoing endoscopy, he was initially diagnosed with gastritis and gastroesophageal reflux and had been treated. However, his recurrent dyspepsia and abdominal discomfort had not been completely relieved.
Using a 128-row detector MDCT scanner (definition AS+, Siemens Medical Solutions, Forchheim, Germany), CT scans of the abdomen and pelvis were obtained in the arterial and portal venous phases after the intravenous injection of contrast agent (Ultravist 300, Bayer Schering Pharma, Berlin, Germany) and optimal colon distension. Colon distension with carbon dioxide was achieved using an automated insufflator and a small rectal catheter with a retention balloon Intestinal malrotation is an uncommon cause of abdominal pain in adults. More so, reversed intestinal rotation is one of the least common malrotation anomalies. A few cases of reversed intestinal rotation have been reported only in surgical and internal medicine literatures. To the best of our knowledge, MDCT findings concerning reversed intestinal rotation had never been reported. We present a 38-year-old man with retroarterial reversed intestinal rotation with MDCT findings.
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Colon Tomography, X-Ray Computed (PROTOCO 2 L; E-Z-Em, Westbury, NY, USA). We obtained 4-mm-thick axial, coronal, and sagittal reformatted images. The findings of axial image revealed that the superior mesenteric vein (SMV) was located to the left of the superior mesenteric artery (SMA) and wrapped clockwise around the SMA (Figs. 1A-D) . The abnormal position of the bowel loops related to the SMA and SMV were depicted. The mid-portion of the transverse colon was interpositioned between the superior mesenteric vessels and the aorta, which resulted in focal luminal narrowing. The duodenum crossed from right to left anterior to the SMA and SMV. Additional reformatted image ( Fig. 1E ) and tissue transition projection from CT colonoscopy (Fig. 1F ) more clearly demonstrated the relationship between the superior mesenteric vessels and transverse colon, as well as the focal narrowing in the mid-portion of the transverse colon. A double contrast barium enema (Fig. 1G) showed focal luminal narrowing at the mid-portion of the transverse colon and the cecum located in the right upper quadrant of the abdomen. All of these findings were consistent with retroarterial reversed rotation of the intestine with an extrinsic compression of the transverse colon by the superior mesenteric vessels.
Discussion
A fetal midgut loop is divided into two segments;
Jin prearterial and postarterial. These two segments are separated by the superior mesenteric vessels. The midgut loop is herniated out of the abdominal cavity and reduced. In this stage, the prearterial segment first returns to the abdomen, followed by the postarterial segment (4). Anomalies during this stage are related to the abnormal rotation of midgut and classified as non-rotation, malrotation, or reversed rotation (5) .
Reversed rotation is the rarest developmental intestinal rotation anomaly. As described earlier, reversed rotation is defined as net 90 clockwise rotation of midgut. Estrada et al further classified reversed rotation into two subtypes; retroarterial and prearterial (6) . The more common retroarterial subtype was thought to occur when the postarterial bowel segment first reduced into the abdomen. As a result, the transverse colon was located behind both the duodenum and the SMA. In the less common prearterial subtype, the prearterial segment is reduced first into the abdomen and is located in the left abdominal region anterior to the SMA. The postarterial segment ends up in the right abdomen (6, 7) . In our case, the transverse colon was located behind the superior mesenteric vessels and the cecum and duodenum were positioned in the right supramesocolic compartment of the abdominal cavity. The intraperitoneal location of bowel loops and the relationship between the bowel loops and adjacent mesenteric vessels are clearly delineated on reformatted and 3D rendered images of MDCT, with the findings consistent with retroarterial reversed midgut rotation.
On axial CT images of our patients, there is a clockwise whirling of the SMV around the SMA. It has been demonstrated that a clockwise wrapping of the SMV and the mesentery around the SMA, is suggestive of a midgut volvulus (8) . On the other hand, a counterclockwise whirling pattern is usually the result of normal embryologic rotation and is not associated with the volvulus or malrotation (9). As our patient had both the midgut and the hindgut rotated in the opposite direction, the clockwise whirling of the SMV around the SMA is presumed a normal finding of reversed rotation, a counterpart of clockwise rotation in the normal midgut rotation.
During infancy and childhood, the most common clinical manifestation of midgut malrotation is vomiting and abdominal distension, which results from the intestinal obstruction or volvulus. Occasionally, malabsorption and chronic diarrhea are present due to intermittent volvulus (3). On the contrary, rotational anomalies constitute less than 1% of blower obstructions in adults (3). Most adults with midgut rotational anomalies in adult patients are asymptomatic and are incidentally revealed during imaging evaluation or laparotomy for coincidental diseases. Vague symptoms of malrotation in adult patients may delay the exact diagnosis, as occurred in our patient. MDCT is suitable for further evaluation of these enigmatic patients with ambiguous symptoms. MDCT can make an accurate diagnosis of the reversed rotation since it discloses the position of the small and large bowels and the relationship between the bowel loops and adjacent structures such as mesenteric vessels. Also, additional coronal or sagittal reformatted images and 3D-rendered images provide even more detailed depiction, as in our case.
Although reversed rotation is the rarest type of malrotation, it emphasizes the importance of considering rotational abnormalities in adolescents and adults who present with chronic abdominal pain or recurrent obstructive symptoms. Based on this study, MDCT is a more useful diagnostic tool for depicting reversed rotation than conventional diagnostic methods such as a barium enema and conventional CT.
